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DISTEIBUTION OF PRECIPITATION IN CHINA DUEINQ TEE 
TYPHOONS OF THE SUMMEE OF 1911. 

By CO-CHINQ CEU, A. M. 
[Dated: Cambridge, Mass., June 22,1916.3 

In  connection with a study of rainfall diskibut,ion in 
China, the writer studied the typhoons of the summer of 
1911, using the data published in the latest report of the 
Zi-ka-wei Observatory. Of the 17 typhoons t1i:it oc- 
curred durin that suninier from June to September, 

these seven will be discussed here. Their triijectories 
are sufficiently different from one another to inc1icat.e 
that they belong to different classes or t,ypes, but, a t  
present no attempt mill be macle to classify them. Wlicn 
drawing the niaps of .the acconi~,nnging precipitation, it 
is difficult to deterniine to which storin the precipi6a- 
tion belongs when two storins succeed ench ot,her closely. 
Owing to the scarcity of rainfall data for China, i t  is out 
of t.he uestion t,o undertake so thorou$i 11 cliscusaion 
as Mr. Jorahiko Teradul l i ~ s  given in his articles '.The 
distribution of cyclonic precipitation in Japm." The 
individual rainfdls for ench storm are given in T a l h  
1 and 2. 

The following four rainfaU-clistributioli maps of C!hin:i 
are baaed upon the dnta contained in "Bullet.in (ICA 
Observations, 191 1," of t.he Zi-ka-wei Observatory (Xi- 
ka-wei, 1915). On the fourth imp (fig. 7) t,he rninfall 
data for the Japanrsc? and the Philippine lslancls are 
from other sources.? The storms arc considered in the 
order of their complesity, the simplest first,, and not in 
their chronological order of occurrence. 

inclusive, on B y 7 crossed the coast of China. Four of 

T~$OOI& Of Augzlgt 8-15, 1911. (NO. 66.) 
This storni (storm No. 66)' cttuscd heavy precipit.:it,ion 

in Manchuria and central China, resultiiig in clisustrous 
floods in the latter region. Several parf.iciilnrs Sh(JUh! 
be mentioned in connection 1vit.h this storni. Thc arcn 
of precipitation is quite symnietrical with respect t.o the 
storm track, and the int,ensity of rain tlecretisus froin t.hc 
low center. The two areas of heavy rainfall, 100  mi. 
(3.9 in.) or more, are both situnted at  the places v-liercb 
the storm passed from ocean to land, one nt the nioutli 
of the Yangtze and the other near h'ewchmimg. In New- 
chwang, where the arerage annual f J 1  (for the period 
1901-1911) amounts to only 638.2 nini. (25.1 in.), there 
was on August 13 a precipitation of 201 nim. (7.9 in.), 
or more than 30 per cent of the average yearly total. 

Southern China did not receive a.ny rainfull, probably 
owing to the fact that the trajectory of thc storni was 
well to the north. The storm traveled a litt,le slower on 
the continent than on the ocean. 

The typhoon of September 24-0ctoier 11 ,  1911. (No. 76.) 
In  contrast with the preceding storni, this storm af- 

fected southern China but not northern China or Man- 
churia. The storm divided north of Luzon, one port,ion 
: See author's abstract In h l o ~ ~ 1 1 1 . Y  WEATHER REVIEW. Ynrrh, 1916, U: 127-129. 
a Data for stations iu Japan, bores, and Formosa are from Jour. Metl. soc., Japan. 
h t a  for qtotlons 1.1 the ''hilinnineq w e  from Bull. Manila Vciitrsl Observatory, Phll- 
8 The storm numbers i r e  tne' orightn relorenre numbers assigned them in the Zi-ka-wei 

Se temher, 1911. pp. 21-24. 

Ipplne Weather Bureau July 1911 pl. 4. 

report. They are hem retained lor the convenience olfuture reference. 
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oing to Formosa and the other to Kwangtung (fig. 4.) 80 far as rainfall is concerned the latter branch IS practi- 
cally of no importance. Tho movem2nt of the fivt 
branch was greatly retarded on entering Formma. B3- 
tween August 3 and 6 the storm c e n t s  could not be 
located; its proWr:ss as shown on the map was vcry slow 
on th2se three Jays. 

The rainfall distribution is uniform, as in the preceding 
storm, the heavi s t  rmi i tation occurring near the cen- 
tcr of the storm. A$of tke rain f 111 in th2 pxiod October 
1-4, and most of it betwmn the 1st to 3 4  recpding the 

precipitation in northern China and practical1 no rain 

The typhoon of June 28-July S, 1911. 

apparent stoppage of the storm center. $ here was no 

west of the line drawn between Hankow and 6 akhoi. 

(No. 65.) 

This is chronologically the first typhoon of the year 
1911 that, is of any importancc. The long trajectory of 
the storm (fig. 6) on the continent made the rainfall area 
more cstensive than in the two prececlino storms (fig. 5). 
Although the storm went far inland, the %envy precipita- 
tioii occurred on the coast and a t  a distance from the 
centcr, cxcept on the southern coast where the storm 
p s w d  from sea to land. The distribution of rainfall is 
irregular and patchy. On the whole, however, the iso- 
hyets can be said to run parallvl to the path of the storm. 
The velocity of the storni did not perceptibly diminish 
on luncl compared with its velocity a t  sea. 

The typhoon of July 12-21, 1911. (No. 69.) 

This storm is remarkable for its litwry rainfall in north- 
(mi and central Luzon, P. I. (See fig. i . )  The precipita- 
tion at  Baguio for the period Julv 14-17, 1911, amounted 
to 2,238.7 mm. (SS.14 inches).' h o r n  noon of July 14 to 
noon of the 15th the amount of precipitation, accord- 
ing to thr Friez quadruple register at that station, waa 
1,16S mni. (45.98 inches), the heaviest 24-hour rainfall yet 
on record in any part of the world.5 

The prccipit-ation in Formosa and China did not sp- 
proach that of Luzon in intensity, but it covered a con- 
siderable area on the continent. The area of heaviest 
precipitation in Formosa occurred at  the estreme south, 
where the storm centerpassed. Rainfalls of more than400 
nini. (16 inches) were recorded at Hunchen and Taitung. 
In China also the heaviest recipitation occurred on the 

two areas of heavy rainfall are located, one on the cen- 
tral Chinese coast and the other in southern Manchuria, 
nlinost on the same region where the heavy recipitation 

continent is uniform, on the wholo the trend of isoh et9 
following the storm path. The southern coast of Ckna 
had no precipitation throughout the period. 

In  J a  an the uniformity of rainfall distribution is strik- 
ing. &ere was no precipitation in Kiushu, Shukoku, 
southern part of Honshu, or the northern part of Yezo. 
The rainfall area had the shape of a spmicircle, with the 
heavicst rainfall a t  the center, near Akita. 

coast where the LOW passed P rom sea to land (fig. 8) .  The 

occurred in storni No. 66. The rainfall diatri ! ution on the 

4 Bulletin Yariila central ohservatorv Julv 1911 pl 4 
b McAdic,'i. 0. RslnIall 01 Callfor&. serkelky,'&., 1914. (nnlv. W., PaUb. 

in geogr., v. 1, no. 4.) p. 171. 



AUQUST, 1916. MONTHLY WEATHER REVIEW. 447 

FIG. 1.-Distribution of precipitntiou accom nying the typhoon of August 8-15, 1911. 
(storm E. 00.1 

FIG. P.-Tnrck of the typhoon of August 8-15, 1911. (No. 06.) 

Fm. a.-Dbtributfon of reci itation amom pin the typhoon of September W 
8ctoIkr 11, 1911. ( E m  80. 76.) 

63604-1G2 

FIG. (.-Track of the typhoon of September 24-October 11, 1911. (No. 76.) 
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FIG. S.-Dktribution of precipitation accompmying the typhoon of June 28-July 8, 
1911. (Storm No. 55.) 

Fro. 'I.-DIstxibutlon of precipitation aecompanylng the typhoon of July 12-21, 1911. 
(Storm No. 5Q.) 

FIG. &-Track of the typhoon of June !&July 8, 1911. (No. 55.) 

. .. 
I 

Fto. S.-Track of the typhoon ol July 12-21,1811. (No. bo.) 
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Rain occurred on tho following days in the districts Stationa. Julys. 
No. 55. 

Mm. 

named: Luzon, 14tli-1’7th; Formosa, 15th-19th; soutli- -- 
ern Chins, 15th-20th; contra1 China, 17 th-20th; northern 
China, Manchuria, and Korea, 18th-20th; in northern and CHl~r--Continued. 

Wuahow ................................ 3.6 
Lungchow .............................. 50.0 central Japan on the 19th-22d. Nonning ................................ 186.0 
Shandhu ................................. 37.8 

TABLE l.-Rain~%hlZs accompanying f o w  typhoons of 1911. Hongkong ............................... 8 . 0  
1’3khol .................................. 239.8 

12-21. 
No. 59. 

Mm. 
2.0 

77.3 
172.6 

0 
0 
0 

I June 25- 
Stations. July 8. 

No. 55. 

Aug.8- 

No.66. 
15. 

ept 24- 

No.76. 
4 C t : l l .  

-- 
dim. 

0 
0 
0 
0 
0 
0 

Mm, 
0 
0 
0 

10.9 
109.4 

0 

30.3 i. 1 

July 
12-21. 
No. 59. 

Aug. 8- 
15. 

No. 66. 

.................. 
80.? U 

6.S 0 
5.1 1 n 

Jenean .................................. 35.0 
Fusan ................................... 26i.2 

Iielnng .................................. 11.0 
Taichiu .................................. 42.0 
Tainm .................................. 5.0 
Taitung ........................................... 
Hunchen.. ........................................ 
Kobe .............................................. 
Kyoto.. ........................................... 
1Wiui.. .................................................... 
Tuliio.. ........................................... 
1 akuyarna.. ...................................... 
Pukuahima ........................................ 
NsL!no ............................................ 
. \ l < h . .  ........................................... 
Hskodate.. ....................................... 
Sapporo.. ......................................... 

FORMIWA: 

JAPAN: 

n 

bpt.  21- 
oat. 11. 
No. 76. 

22.0 
0 

23.0 
84.0 

liO.0 
417.0 
411.0 

0 
1.0 

3.0 
47.0 
!2S. 0 
51.0 
12.0 
38.0 
9.0 

Mm. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0. G 
6. u 

12.2 
23.3 

......... 

~~~~ 

CEIN.4: 
A i m  .................................. 
Harbin .................................. 
Vladlvostok ............................. 
Newchwang ............................. 
Yukden.. ............................... 
Tientsin ................................. 
Taming.. ......................................... 
Chefoo ................................... 
Tslngtnu.. .............................. 
Hwohklu ................................ 
Chenliiang ............................... 
Chenglu ........................................... 
Nanklng ................................ 
Wuhu .................................... 

dim. 
54.8 
15.5 
4.0 
5.4 

33.9 
1i.4 

2.5 
77.7 
20.0 

135.9 

149.5 
48.7 

,Urn. 
9.7 

1.5 
102.3 
112.G 

7.3 

24.4 

dim. 
18.5 

9.0 
35i . l  
11.7 

14.6 

60.9 

0 

0 0 
:.5 I 0 

39.0 
0 
0 

.......... .......... .......... ................... ................... 
................... ................... ................... ................... ................... ................... ................... ................... ................... ................... 

31.1 4:. 9 

24y.l; 

......... 1.3 
60.5 

39‘2.4 

The Galveston. A:umkane of August 13-23, 1015. 
10.1 In many ways this was one of the notable hurricanes 

in recent years. Although any singlo hurricilne can not 
be taken ns n representative of other hurricanes with 
rcgard t.0 tho railifdl cliatribution, i t  is nevertheless 1 . 3  

9.9 

55.1 
14.3 
0 

l i . 0  
138.0 

1.5 
254.4 

4.3 

Fro O.-DlStributlon of predpltatkm sad the track of the Galveston hurricane of August 13-13,1916. [The track hen becm corrected from UnpabUshed data.] 

.................. 
34.6 

1Y.S 
30.5 

1.3 
50.0 
77.2 
41.4 
10.5 

134.8 
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interesting to comparc the raiiifnll distribution map 
(fig. 9) of this storni with the mnpa of t.he four t.yphoons 
just cliscussed. Prof. A. J. Henry e hns pointed out in 
connection with this stoim that tho dist.ril)ution of rain- 
full in a tropical stoim is different froni thnt in ttii (?strit- 
tropical st,orni. In  the lat,ter the r i l l  is r i o t  clist,ributcd 
so uniformly nliout, the center as in t.he former. This 
storm, he continued, maint:nined its tropiaal ch:i.ruc tnr 
until it renched tlie up er Ohio Valley. 'I'ho llcnry rain- 

2), ~ L S  these stations are on the coiist n-hnre tlic st.orin 
passed froni sea to land. In  t,liis connoctiou it niight bo 
nienbionecl t.hat during the New Orbnns 'Iiurricitnc of Sc.1)- 
tember 39, 1915, New Orleans hud :I prccipit:ibioii of about 
200 nini. (Y.3G inches) within 31 hours on September 29. 
TABLE 2.-Aniount of rainfdl reeeiived dwing [he Gal.i~eslnn hiirriralie 

fall in Galveston and JJ? ouaton should be n o t d  (si?c T:ihlo 

Of Attg. l.Y-L'J', 1915. 

IM. i MTIX. 
15.s7 1 403.10 9.12 I z31.tis 
S 1S I 20i.ii 
5:w 1 143.24 
5 . 9 4 ;  151.M 
4.60 116.W 
4.91 12t.46 
4.82 122.43 
4.54 113.32 
4 . l i ~  I Ili.Sli 
1.3s; 111.2i 

1.87 60.04 
1.93 4B.02 
1.92 4s.57 
1.W 4i. 21 
1.G 42.42 
I.li(i 42. lti 
1.49 %.<5 
1.44 31;. AS 
1 37 31.80 
1:32 I 33. -i3 j 

I 
I IO 27.!14 

1.0s I 2i.43 
1.06 ai.%? 
0.97 21. ti.1 
0 . N  21.34 
R9ii 21.3s 
0. !I3 21. ti2 
0.u2 23.37 
0.92 23.37 
0.YY 2'2.3: 
0. I 22.35 

1: l(1 1 2i.% 

Staninton. \'a ............ i 
........... i ..... IlutTalo N. Y 

Kansas city.  kanu.. .... 
lIWtfJTd, 1!011U .......... 
hI'kQ&Irg, \Iv. v8 

........ ............ ........ .......... 
I ietroit Vich ........... 
Himu diiy, Iowa.. ...... 
Cirorlut.te. N. C... ....... 
kmlmid. UR ............ 0.5" 
?.fer1 li::n Viss.. ........ 0.51 
Wilmingidn. N .  C ....... 0.44 
Chicago. 111 ..............I 0.4s 

l n v .  
(1. 7.1 
0.74 
0.70 
0. ;a 
0. IjY 
0. lili 
0. lis 

0. tili 
0.62 
u.12 
a u1 
0. $4 
0.1;o 
0.Xi 
0. s4 

Erie i'n .................. 0. 1 4  
Toledo, Ohio ............ 0.44 
Norfolk. Vn ............. 0 44 
Ja?Lsoin il l% Fia. ....... 0.11 
Ciranil Iitrvids. Mich .... [ ) . .?I  
Ri..hrnon& \ i.. ........ u.s? 
Cheyenne. W y u .  ........ 0. ?ti 
~ Q V  West. Flo .......... 0.3; 
Alsileii?, 'res ............ (I. ?I 
1:irniinghoin. . A h . .  _.._. 0 . 9  
1,inculii. Nebr ........... a IS 
lies doiiics, Iowa.. ..... 0. is 
New Yor!., N. Y ........ 11.16 

R:ilei$i: N .  C . .  ......... 11.0~ I 
NQW rra\ven. Curin.. ... _I 11.11: 1 

1 l Q l  Riu I Q X  ............ 0.11 . 
Nsntlic.liet, hlss...llIIII i<ij ! 
Eastport. Me.. 
San .Antonio. 'rex. .... 
I jQn%, CUlO.. ......... 
Quebec. Wit. rift.. ..... (I. nit 

.. ...... ........... ....... 

J i m .  1s. S) lY. so 17. i Y  
17. i X  
I;. 27 
lli. 71; 
11;. 51 
16. ?ti 
l i .  2i 11;. ;ci 
15. i.5 
15. i5 
13. 4!l lli. 2lj 1.;. 
14. I- 
13.2  13.21 
18 95 
12.19 
I?. 19 
12. l!t 11.14 
I I .  1s 10.41 
s. ti4 
8. 13 

I;. 33 5.33 
6. IN 
4.37 4. .i7 
4. I N i  
2. i.J 
1. -72 
1 . 5  
1. a7 
1. U? 
0. 76 
(I. 5 
1). I 
0.00 

It. (10 
u. 110 
0. Ix)  
0. w 

ti. tin 

0. no 

So far RS these five tropicnl stornis are conccrntd, we 
can say: (1) That tho clistributioii of r:iiufall in tropicnl 
storms is uniform when com1i;trcd with the c!striLt.ropic;il 
stornis; (2) tliiLt the heaviest minfall usually occurs on 
that port-ion of the const whcre the stoiiii pituser from 
sea to lund; (3) that the velocity of those storms did not 
dccrense as they pnssecl from sea to land: and (4) that 
the heaviest precipitation usudly occurs dona the tra- 
jectory. In case, bowover, t,ho storni goes L r  ixlaricl 
this rule does not hold. In  this rospoct tlic behnx-ior of 
the tropicnl st.orms resembles that of the cst,r;Ltropid 
stornis. In  the study of cyclonic distribution of riti:ifaU 
in the United States, W. G. Reed fouiicl thlnt tho :~rca of 
heaviest precipitation usually occurred on the side which 
was nearest a lnrge source of moisture. 

, .  
a .  . 5 .- I -. . , 

RADIATION EQUILIBRIUM AND ATMOSPHEEIC EADIATIOI.' 

BY R. EXDEN. 

(Abstract and translrrtion by H. DATEMAN, Govms, Md., -4IIg. 14, 1916.) 
1. INTRODUCTION. 

Much nttention is being pnid in the United States to 
thc study of atmospheric racliation and niany valuable 
inrestigatioiis hare heeii carried out by American 
metmxologists. These workeis have dso shown B 
kincllp intercst in thc researches of Euro ean scientists, 
and ns c t  proof o€ this tlie Sniitlisonian P nstitution hss 
recently puhlished the acliiiirable work of Andera An 
stroiii i n  its ?Iliscc!laneous Collections (v. 65, no. 3, 19157 
Bn important. ndvitricc in tlie theory of atmospheric 
radiation was made sbout seven or eight g e m  ago when 
M7. J. Huiuphreys and E. Gold sho~vcd that the sudden 
dccrense of the rcrtical tcm ieriiture gradient to a very 

the coiivect,im region, can be profitably studied in con- 
nwt,ion with the t.lieor of rndiatiori equilibrium. In 
Emclcn's ptper tlic stuc Q y of this relation is carried fur- 
tlicr, Hunip!ireys's fo;.mul:t for tlie tcmperxturc of the 
iuotlieriiid rcgio:i is ob t,ii,ined in another way md Gold's 
niat.!icinat.ical investigiitions are re1icatc.d and developed 
uiitlrr sli4itly clill'cren t nssuni itions. Soine of the 

Gold niid :we sumninrized with other interesting conclu- 
sions in the Iatt.er l>iIrt of the piper which is printed liere 
in full. Tho first pwt, of the pa )er contnins a critical 
survey of thrl work of Yclimamsclii \ cl, Gold, and Humph- 
reys and tho thcory is presented in u clear light. Schwa?- 
schilcl's ~ncthotl is dewloped mid applied to the case in 
which t,he rndiittion is composed of two parts, each of 
w!iicli c:in be t,renteil :LS gr:t3-. Eiiidcn's work has been 
sumniarizrd hy Schmiuss iii the Mct,eorolo ische Zeit- 
schrift (1918, 45: 454). Tile saiiie pt?rio,licn 5 also con- 
t&is n furt.1il.r coiitribut,ioii t.0 the mnthcmatictd analysis 
l y  ScIl\v.nrzschiltl fIhid.q 1'. 454) and an article by Gold 
(MP~,. %tschr., 1Ct14, 49: S9), ill which he expresses his 
v.ic~;s oil sonie of tho questions that have been raised 
wit.ii rognrd t.o the funtlamcntnl hvpotheses. As some 
toiiit,s :we appnr~ i t ly  st,ill disputed,' a brief rirsum6 of 1.- Iniden's itrgunicnt imy  perhaps he of i i i t e re~t .~  

low vnlue, wliich is indic:ntc d when n bltlloon rises above 

t41iwreticd result,s clnsclv rcseni i .de t.houi? oh tained by 

2. FUNDAMENTAL ASSUMPTIONS. 

(1) In rarlint.ion equilibrium tmh particle of air radi- 
ates out just as niucli anergy 'as it receives from ot1.w 
particles a i d  froni external sources if there any. Thus 
riidiat.ioii equilibrium olitnins when the temperatures of 
thc park  nnd consequently also the arrangement of the 
iiiasscs are not altltesctl by radiation and absorption. The 
func1itnient.d condition is that of the equality of the 
ainouiits of rditition given up and taken in, irrwpxtive 
of its composition RS regards wave length, state of polari- 
zation, and tlirecticm. 

rohlem, pressure, 
density, n.nc1 temperature are supposec?to vary only with 
the iiltitutle, and the curvature of the level surfaces is 
neglectd. In  rsdintion equilibrium each horizontal 
layer is supposcd t.0 rac1iat.c (according to its temperature) 
just as much energ as i t  receives from other layers and 
extornti1 sources. ? k c . l l ~ . w  ~f encrgy in an upward dire& 

(2) To siinplify the niatlienirtticd 

___- -. 

1 Eindrn, Rnbrrt. in Sitzungsb., IC. liayerische Akad. d. Wlisens., Yunchen, IOU, 
4355-142. 

.\st6physirnl Journsl119091. 

For more recent presentations 01 the theories of Gold and Hum hreya 988' B adl. 
The International R i t e  and Balloon Ascents <:eo hysiral bfemolrS,%o. 5 (IO$. 'WJ, 
Humphrcya. Journal of the Franklin Instlthte, iarch (19131. 
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